INTRODUCTION
All foods are functional to some extent because all foods provide taste, aroma, and nutritive value. However, foods are now being examined intensively for added physiological benefits, which may reduce chronic disease risk or otherwise optimize health. Functional food is defined as a natural or processed food that contains known biologically active compounds which provides clinically proven and documented health benefits [1] . Many plant foods have been investigated for their role in disease prevention and health. However, only a small number of these have had substantive clinical documentation of their health benefits [2] . Moreover, there are some plant-based foods that can be described as having moderate health benefits. These are plant-based foods that do not currently have approved health claims, but have strong research reports that support their potential health benefits. Exotic berries belong to this group of foods.
The term berry generally refers to any small fruit that lacks seeds and can be eaten whole. Few berries come under the subcategory of cane fruit, whereas some are subclassified as bush fruits, such as blackcurrants, blueberries, and gooseberries ( Fig. 1) [3] . In addition, some berries are classified into small fruits such as strawberries, acai berries, and goji berries. Berries are known to contain several phytochemicals, such as phenolic acids, proanthocyanidins, anthocyanin, and other flavonoids [4] . Interest in a variety of potential chemopreventive activities of berries has continued to grow. Exotic berries, such as cranberries, have been recognized for their efficacy in the treatment of urinary tract infection (UTI). A landmark clinical trial confirmed this therapeutic effect in a well controlled study involving 20 women with recurrent UTIs [5 & ]. The authors reported that over one half of the patients did not experience a UTI within 6 month of being fed a daily serving (42 g) of sweetened, dried cranberries. In another study, Du et al. [6 & ] reported that wolfberries (commonly referred to as goji berries) enhance the efficacy of influenza vaccination, resulting in better host protection. Their report is a welcome development because seasonal influenza infection is a worrisome health concern for the older people, who often do not respond well to vaccinations.
This review focuses on the functionality of exotic berries and their importance in human health and disease. Also, a glimpse of what the future may hold for this food category is discussed.
THE ANTIOXIDANT HYPOTHESIS
Reactive oxygen species and reactive nitrogen species are essential to energy supply, detoxification, chemical signalling, and immune function. They are continuously produced in the human body, and they are controlled by endogenous enzymes (superoxide dismutase, glutathione peroxidase, and catalase). However, when there is an overproduction of these species, or a failure in the defence mechanisms, there could be damage to important biomolecules, such as DNA, lipids, and proteins [6 & ]. This damage has been associated with an increased risk of cardiovascular disease (CVD), cancer, and other chronic diseases. The antioxidant hypothesis says that 'as antioxidants can prevent oxidative damages, increased intake of antioxidants from the diet will also reduce the risks of chronic diseases' [7] . This explains the huge volume of research work done to link diets rich in natural antioxidants with degenerative disease.
POTENTIAL DISEASE PREVENTIVE ROLES OF SOME EXOTIC BERRIES
The association between diet and health is undeniably multifaceted, and this complexity can result in seemingly different outcomes from dietary intervention studies. Thus, it is important that we are not discouraged when research studies report different results. In this study, the potential disease preventive roles of some exotic berries are reviewed ( Fig. 2 ). 
Goji berries

Strawberries, bilberries, lingonberries, blackcurrants, and chokeberries
A new study has revealed that berries, especially strawberries, bilberries, lingonberries, and chokeberries, significantly reduced the postprandial insulin responses in healthy women fed a daily meal of 50 g of white bread or rye bread, with 150 g of wholeberry puree [8] . In-vitro and animal studies have demonstrated that polyphenols and polyphenolrich foods inhibit digestion and absorption of carbohydrates and suppress postprandial glycaemia [9] . Similarly, the researchers reported that whole berries and their juice fractions were able to optimize postprandial glucose and insulin responses to sucrose in healthy participants. Surprisingly, the authors do not find any apparent association between the insulin lowering potency and the polyphenol composition of the berries. Therefore, the contribution of the different polyphenol remains to be examined. However, the postprandial glucose and insulin responses may be reduced by the organic acids of the berries. In future studies, the role of organic acids of berries in the modulation of postprandial glucose and insulin responses should be addressed.
In a related study, lingonberries, blackcurrants, and bilberries significantly decreased body fat content, hepatic lipid accumulation, and plasma levels of the inflammatory marker plasminogen activator inhibitor-1, as well as mediated positive effects on
KEY POINTS
Exotic berries have been shown to possess potential health benefits.
Berry extracts are known to exhibit some binding properties.
The enzyme modulating activities of berries phenols are a biological action not yet understood.
The future and functionality of exotic berries will be greatly influenced by biotechnology.
glucose homeostasis in mice fed high-fat diet supplemented with 20% of the selected berries [10] .
Blueberries
Blueberries are amongst the most commonly consumed berries in the USA. Evidence from in-vitro, invivo, and a few clinical studies suggests that blueberries and their active constituents show promise as effective anticancer agents, both in the form of functional foods and as nutritional supplements [11] . Blueberries are one of the richest fruit sources of anthocyanin and other polyphenols [12] . In a recent study, Vendrame et al. [12] reported that wild blueberries significantly altered the aortic biomechanical function of obese Zucker rats by partially restoring the impaired phenylephrine-induced constrictor responses, and also attenuating the exaggerated response to acetylcholine-mediated vasorelaxation. The researchers speculated that the observed biological effect was related to the antioxidant and anti-inflammatory actions of wild Types of berries a Description Cane fruits:
Blackberries
False berries and used as a major ingredient in jams
Raspberries: These are small, tightly packed red false berries. They are used in jams, jellies etc.
Cloudberries:
Small brown coloured berries with high Vitamin C and benzoic acid contents blueberries. In addition, the protective effect of blueberries against CVD has been attributed to the presence of pterostilbene (trans-3,5-dimethoxy-4-hydroxystilbene) in blueberries [13] . Pterostilbene is a naturally derived compound found primarily in blueberries and Pterocarpus marsupium heartwood. It is structurally similar to resveratrol, a compound found in red wine. Pterostilbene exhibits increased bioavailability because of the presence of two methoxy groups which cause it to exhibit increased lipophilic and oral absorption [13] .
Blackberries, raspberries, and gooseberries
Blackberries are aggregate fruits produced by several species in the genus Rubus (e.g., R. fruticosus, R. ursinns, and R, argutus). Blackberries, raspberries, and gooseberries are notable for their health benefits. They also ranked highly amongst fruits for antioxidant strength, particularly because of their high content of phenolic compounds, such as ellagic acid, ellagitannins, tannins, and anthocyanin [14 & ]. For instance, ellagitannin extracts of blackberry and raspberry have been shown to decrease ulcer index in animals by 88 and 75%, respectively [14 & ]. Also, the researchers reported significant reduction in the cytokine-induced neutrophil chemoattractant 1 secretion in the gastric mucosa of animals receiving blackberry and raspberry extracts.
The chemopreventive property of gooseberries was demonstrated on cervical cells (HeLa cells) [15] . Polyphenol extracts from the leaves of gooseberry were shown to inhibit the growth of HeLa cells. In addition, the polyphenol extracts induced the arrest of HeLa cell cycle at G2/M phase and triggered apoptosis [15] .
ENZYME MODULATING ACTIVITIES OF BERRIES THROUGH THEIR PHENOLS
The ability of plant phenols to modulate the activity of enzymes is a biological activity not yet understood. The enzyme modulating action of berries phenols was recently demonstrated on some highdensity lipoprotein (HDL) enzymes [paraoxonase Small fruits:
These small, round black berries are the Acai berries: biggest cash crops in Brazil Goji berries: These red berries are similar to red resins in appearance. They are also known as wolfberries.
Cranberries:
These are epigynous berries that are white when unripe and turn red on ripening.
Elderberries: These berries grow in clusters. They are black to blue in colour Loganberries: These berries are very sweet. a https:/sites.google.com/site/ feedmestrawberries/Home/types-of-berries.pdf Functional foods and dietary supplements (PON 1) and lecithin: cholesterol acyltranferase (LCAT)] in 24-month-old 'obese' rats [16] . Rats were fed a daily diet of 9 mg of grape polyphenol concentrate 'enoant' which showed an increase in PON and LCAT activity levels and a reduction of cholesteryl ester transfer protein activity after 12 days of feeding. HDLs are synthesized in the liver and intestine, and are responsible for transporting 20-30% of the total plasma cholesterol. Apo lipoprotein A-1 is the most abundant protein in HDL [16] . The remaining protein mass is made up of minor amphipathic protein, such as Apo C, Apo E, Apo D, Apo M, Apo A-iv and enzymes, such as PON 1 and LCAT. LCAT is a key enzyme necessary for extracellular cholesterol metabolism. PON 1 has been shown to protect against CVD by preventing the formation of oxidized HDLs and lowdensity lipoproteins, it hydrolyses the thiolactone form of homocysteine, which alters proteins in the arterial wall, and it hydrolyses platelet-activating factor, a bioactive phospholipid which is involved in vascular disease development [16] . Similar studies have shown that blueberry supplementation attenuated atherosclerosis by upregulating expression of the antioxidant enzymes superoxide dismutase 1 and 2, and thioredoxin reductase-1 in Apo E-deficient mouse models of atherosclerosis [13] . Also, the antiproliferative effect of pterostilbene on vascular smooth muscle cells through the production of cyclin-dependent kinase-2 was also reported [13] . The results of these authors may be clinically relevant because abnormal proliferation of vascular smooth muscle cells is a significant component of the pathogenesis of atherosclerosis and a major contributor to the development of vascular stenosis.
THE ABILITY OF BERRY FLAVONOIDS (POLYPHENOLS) TO BIND TO PROTEINS
Most research studies on flavonoids have been centred on their antioxidant capacities and antiallergic effect. There has been relatively little report on other beneficial effects of flavonoids. Another possible mechanism by which flavonoids act is through interaction with various enzyme systems. For instance, the binding properties of some berry extracts (gooseberries, blueberries, and cranberries) to human serum albumin were recently investigated by Namiesnik et al. [17] . The authors reported strong binding affinity between the berry polyphenols and human serum albumin. Furthermore, the authors opined that the strong binding property of berry phenolic to serum albumin is an indication of their effectiveness against atherosclerosis. In addition, quercetin was shown to exhibit the strongest binding constant amongst the berry's polyphenols. The binding constants for the other polyphenols decreased in the following order: Quercetin > rutin > calycosin >calycosin-7-0 (sup)-D-glucoside [17] . Although significant research studies have focused on flavonoids-proteins noncovalent binding, some reports have revealed that similar interactions may also occur with carbohydrates and lipids [18] . The consequences of these interactions are often seen as detrimental to the food systems. Additionally, flavonoid-macronutrient interactions have been studied from the perspective of enhancing stability and bioavailability of flavonoids. In this context, more studies are required to better understand the role which these interactions would play in altering metabolism in mammalian system and colonic microbiota.
CONCLUSION AND FUTURE TREND
Understanding the chemopreventive activities of exotic berries can stimulate an interest in maximizing their utilization as functional foods in human diet. The current status of research on some exotic berries and their potential roles as functional foods are reviewed. Although many exotic berries may hold promise for public health, there are concerns that the promotion of their food functionality claims may not rest on sufficiently strong scientific evidence. Although it is important to communicate effectively the potential health benefits from these berries to consumers, it is imperative to inform them about the differences between health claims and structure-function claims. Although several biological effects which are based on epidemiological studies have been explained scientifically, the mechanism of their actions is not fully understood. A better knowledge of some variables, such as safety, efficacy, and interactions with other dietary components, must be clearly stated. The future and functionality of exotic berries will be greatly influenced by biotechnology. A recent example of the influence of biotechnology on the functionality of berries was shown in the golden berry-derived 4b-hydroxywithanolide, which exhibited selective destruction of oral cancer cells [19 
